Smoking, the leading cause of disease and death in the United States, has been linked to a number of health conditions including cancer and cardiovascular disease . While people with a disability have been shown to be more likely to report smoking, little is known about the prevalence of smoking by type of disability, particularly for adults younger than 50 years of age .
Smoking is the leading cause of disease and death in the United States. 1 It is estimated to cause 443,000 deaths per year in the U.S., 2 and average annual health-care-related expenditures are estimated at $96 billion during 2000-2004. 2 Smoking has been linked to a number of adverse health conditions, including cancer, cardiovascular disease, pulmonary disease, and reproductive health issues. 3, 4 Disability affects more than 56 million Americans, 5 with annual health-care expenditures associated with disability approaching $400 billion as of 2006. 6 Among older adults, disability is often associated with the development or worsening of chronic conditions; as a consequence, disability is often equated with ill health. While this perception may be reinforced given that adults with a disability have been shown to have a lower self-rated health status than adults without disabilities, 7 a Surgeon General's report provided ample evidence arguing that this disparity in health is largely preventable. People with disabilities can and should lead as healthy a life as people without disabilities. 8 People with disabilities report a higher prevalence of smoking than do those without disabilities. 9, 10 Medicare enrollees with a disability who smoke have been shown to have lower mental and physical function than those who never smoked. 11 People with rheumatoid arthritis, which is a leading disabling condition, 12 are more likely to be current smokers than those without rheumatoid arthritis. 13 In addition, cardiovascular disease and pulmonary disease, both of which are associated with smoking, 3, 4 are the third and fourth most commonly reported causes of disability, respectively. 12 Despite condition-specific information and statelevel surveillance reports, there is little nationally representative information on the prevalence of smoking by functional type of disability. Such information is critical for understanding how the prevalence of smoking may differ among people with disabilities. A better understanding of any differences that may exist can be used to explore how best to tailor cessation intervention efforts toward people with a disability. Using data from the 2009-2011 National Health Interview Survey (NHIS), 14 we estimated smoking prevalence by disability type among adults aged 18-49 years.
MetHoDS

Data sources
We obtained data for this study from the 2009-2011 NHIS, 14 a nationally representative, in-person household survey of the civilian noninstitutionalized U.S. population. For this survey, which is conducted by the National Center for Health Statistics, interviewers col-lect comprehensive demographic, health, behavioral risk, preventive health, and disability data. NHIS data are used to monitor trends in illness and disability and track progress toward achieving national health objectives.
The NHIS consists of core questions and supplements, including household, family, and sample adult surveys. The household and family surveys collect demographic and health information on all household residents and family members, respectively. One adult from each family is randomly selected to provide information on specific conditions, health status, and health behaviors. The smoking-related questions are asked in the sample adult survey, and the disability questions are asked as either part of the family questionnaire or the sample adult survey, depending on year. A total of 74,352 respondents completed both sets of questions during the survey years included, and 40,886 of them were 18-49 years of age. A total of 133 respondents were excluded from all analyses due to missing smoking data, leaving a total of 40,753 respondents who were included in the analysis. Respondents who had missing responses from select demographic variables were excluded from those individual analyses but not from analyses of responses for other variables.
Smoking definition
Two questions were used to determine cigarette smoking status: "Have you smoked at least 100 cigarettes in your entire life?" and "Do you now smoke cigarettes every day, some days, or not at all?" We defined current smokers as people who reported smoking at least 100 cigarettes during their lifetime and who currently smoke every day or some days. Former smokers were defined as people who reported smoking at least 100 cigarettes during their lifetime but do not currently smoke. Never smokers were defined as people who reported not smoking 100 cigarettes during their lifetime.
Disability definition
According to the International Classification of Functioning, Disability, and Health model, disability is an interaction of a person's health condition, environment, and other personal factors that can limit functioning. 15 Further aligning with the concept of disability identified in the Americans with Disabilities Act, the American Community Survey (ACS) defines disability as functional limitations that affect a person's participation in activities. Six questions identifying functional types of disability from the ACS were asked on the 2009-2011 NHIS. 16 A person is considered to have a disability if he or she, or a proxy respondent, answers affirmatively to having at least one of the following serious limitations: hearing, vision (even when wearing glasses), cognitive (concentrating, remembering, or making decisions), or ambulatory (walking or climbing stairs); or any limitation with the following: self-care (dressing or bathing) or independent living (e.g., running errands or visiting a doctor's office). The disability types are not mutually exclusive, and respondents could have more than one type of disability. The six categories of disability were used collectively and individually to define disability in assessing the association between current smoking and disability.
Statistical analyses
We used SAS ® -callable SUDAAN ® software 17, 18 to obtain estimates and 95% confidence intervals (CIs) of disability, type of disability, and current smoking prevalence. We obtained estimates for current smokers and never smokers stratified by gender, sociodemographic characteristics, and disability. The data were weighted to account for differential probability of selection and nonresponse, as well as to adjust for the age, sex, and race/ethnicity population totals. We adjusted the weights to account for the three years of data. Estimates were age-adjusted to the 2000 U.S. standard population. 19 We used t-tests to assess the statistical significance of the differences between disability type and no disability. Because the disability types are not mutually exclusive, we considered non-overlapping CIs to indicate significant differences between individual disability types at p,0.05.
We used logistic regression models to assess the associations between current smoking and disability and current smoking and type of disability, respectively. Both unadjusted and adjusted odds ratios (ORs) were obtained. Independent covariates included in the adjusted models were demographic characteristics (i.e., sex, age, race/ethnicity, and marital status), socioeconomic characteristics (i.e., education, employment, and income), and having health insurance. The dependent variable for the logistic regression models was current smoking vs. nonsmoking (both former and never smokers combined). 20 We also ran parallel models for a sensitivity analysis, with the outcome being current smokers vs. never smokers.
We limited our analysis to respondents aged 18-49 years for several reasons. First, smoking prevalence is highest among younger adults (aged 18-64 years) and lowest among adults aged 65 years and older. 1 Second, the health effects of quitting smoking are greater the earlier a person stops smoking. 21, 22 Third, the absolute risk of death, and presumably disability, attributable to smoking increases with age. 23 Addition-ally, although the prevalence of disability increases with age, 18-to 49-year-olds account for nearly 12 million of the 39 million adults with a disability represented in our data. Focusing on younger respondents can allow increased time for health improvement if cessation occurs, regardless of whether smoking led to the disabling condition or, on the other hand, stressors around having a disability contributed to a person's smoking or being hesitant to quit.
reSultS
Overall demographic characteristics of the population are shown in Table 1 . Approximately 9.2% of U.S. adults aged 18-49 years reported having a disability. By type, 4.3% of adults in that age group reported a cognitive limitation, 1.2% reported a self-care limitation, 3.0% had an independent living limitation, 1.9% had a hearing limitation, 2.1% had a vision limitation, and 3.6% reported an ambulatory limitation.
Men (24.7%) were more likely than women (20.2%) to report being a current smoker. Adults who were unable to work (39.2%) or unemployed (35.1%) were more likely to smoke than those who were employed (20.6%) or either retired, a student, or a homemaker (15.3% collectively). Those who were living with a partner (37.9%) or widowed (37.8%) were more likely to smoke than those who were married (17.4%). A higher prevalence of smoking was also seen among those who had an annual household income of ,$35,000 (31.9%) compared with those who had an annual income of $$75,000 (13.8%), and those who had less than a high school education (31.8%) compared with those who had a college degree (8.6%) ( Table 2) .
Overall, adults with a disability were more likely than adults without a disability to be current smokers (38.8% vs. 20.7%; p,0.001). Smoking prevalence for each type of disability was significantly higher (p,0.001) than for adults without a disability, with the exception of self-care limitation among men. The prevalence of smoking by disability type ranged from 32.4% (self-care limitation) to 43.8% (cognitive limitation). Only the difference between adults with a self-care limitation and those with a cognitive limitation was statistically different ( Table 2) .
By sex, 39.5% of males with a disability and 38.1% of females with a disability were current smokers. The range for smoking prevalence by disability type ranged from 36.3% (hearing limitation) to 44.8% (cognitive limitation) for women, while the variation was wider for men. Men with a self-care limitation were less likely to be a current smoker (27.5%) than were men with any sensory limitation (41.4%), a cognitive limitation (42.9%), or a vision limitation (44.9%) ( Table 2) .
Adults with a disability (47.9%) were less likely than adults without a disability (65.6%) to report having never smoked. The prevalence of never smoking ranged by disability type from 43.5% (cognitive limitation) to 52.9% (self-care limitation). Furthermore, the prevalence of never smoking in each disability category was significantly lower than for people without a disability (61.8% for men; 69.4% for women), with the exception of self-care limitation among men (58.1% vs. 61.8%). By marital status, the lowest prevalence of never smoking was seen among those who were living with a partner (46.0%); and by employment status, among those who were unable to work (47.9%). The highest prevalence of never smoking was seen among those who were college graduates (78.4%) compared with other education levels; and those who were Hispanic (75.1%) or of another race/non-Hispanic (76.3%) compared with non-Hispanic white people (57.9%) ( Table 2) .
ORs for being a current smoker were statistically significantly higher for overall disability (OR52.47; 95% CI 2.25, 2.71) and all disability types (ORs ranging from 2.08 to 2.99) compared with adults without a disability (Tables 3a and 3b ). After adjusting for covariates, having any disability was associated with being a current smoker (adjusted OR [AOR] 5 1.57; 95% CI 1.40, 1.77). Adults with a cognitive limitation (AOR51.74; 95% CI 1.48, 2.05), a vision limitation (AOR51.86; 95% CI 1.49, 2.32), a hearing limitation (AOR51.56; 95% CI 1.24, 1.97), an ambulatory limitation (AOR51.48; 95% CI 1.19, 1.84), or an independent living limitation (AOR51.44; 95% CI 1.13, 1.83) had higher odds of current smoking than those without any disability. Income, education, and race/ethnicity were significant variables in the adjusted models (Table  3a) . We also ran parallel models with current smoking vs. never smoking as our dependent variable, and our results were similar.
DiScuSSion
Our findings show that adults 18-49 years of age with a disability had a smoking prevalence that was nearly two times higher than adults without a disability, which supports previous findings. 10, 24 For example, one study found that in 2004, 29.9% of adults 18 years of age or older with a disability were current smokers compared with 19.8% of adults without a disability, 10 while another study using 2001-2005 data found that 56.0% of adults with a disability vs. 43.6% of those without a disability have ever smoked. 24 However, these studies used data BRFSS data as having an activity limitation due to a physical, mental, or emotional problem or the use of special equipment 10 and does not allow for further stratification by disability type. Generally, the results of our multivariate models were consistent with our prevalence estimates for overall disability and disability type. In addition, our findings for covariates in the model, including sex, age, race/ ethnicity, income, and education, were consistent with previous research. 20 Among older adults with cataracts or macular degeneration, current smokers are more likely than former smokers or nonsmokers to report visual impairment. 25 Some studies have found a more rapid cognitive decline or increased risk of memory problems among smokers. 19, 26, 27 A higher prevalence of smoking has previously been shown to be associated with mental illness. 28 However, the question used to determine cognitive limitation asks about thinking, remembering, and concentrating. While these limitations could be caused by mental illness, the question does not directly measure it. Smoking is also known to cause conditions such as heart and lung disease, 3 which may also be related to a lowered ambulatory function 29 through decreased activity tolerance. Prior research has also found that smoking cessation may be associated with an increased recovery from some mobility impairment. 29 Given the associations we found between smoking and four of the disability types in a younger cohort, and the potential for increased health improvement after cessation, additional research is warranted. Furthermore, the statistical nonsignificance of the ORs for self-care limitation could be due in part to the lower number of adults with these limitations in this age group, or because these adults may be more reliant on a caregiver or family member for daily tasks and may not have ready access to cigarettes.
Research has shown that the younger the person is when smoking cessation occurs, the greater the benefit in terms of reducing mortality 22 and the risk of smoking-related conditions, including heart and lung disease. 21 Although it has been shown that adults with a disability are offered cessation services at a similar level as adults without a disability, 10 there is no information available in terms of use and awareness of cessation services by disability type. 30 In addition, we do not know how many respondents who identified as current smokers may have quit and then relapsed later. These are directions for future work. However, the knowledge that adults with sensory, cognitive, and ambulatory disabilities continue to have higher odds of smoking provides even more directed information in terms of targeting cessation services. For example, printed information on smoking cessation services must from the Behavioral Risk Factor Surveillance System (BRFSS), in which the operational measure of disability, age group, and years studied was different than what we used in our study. Disability is often defined using be in an accessible format (e.g., large print) for smokers with a visual limitation and crafted at a level that can be accessible to adults with a cognitive disability. The Healthy People 2020 goal is to reduce smoking prevalence to 12% nationally. 31 Given that nearly one in 10 adults aged 18-49 years has a disability and the high prevalence of smoking among them, targeted cessation interventions among this subpopulation are important to help achieve this goal. Previous research has found that those in the general population who have low education or income levels are more likely to be current smokers than those with higher education or income levels. 1, 20 Our study supported these findings among younger adults. However, the combined effect of this relationship is unknown for people with disabilities. People with disabilities have been shown to be disproportionately poor and have lower education levels than those without disabilities. 5 With the exception of self-care limitation, we found that people with all types of disabilities had statistically significantly higher odds of being a current smoker than adults without disabilities, controlling for income, education, and employment. What is unknown is the magnitude of the relationship among income, education, disability, and smoking and the causality or impact of each. This relationship was beyond the scope of this study and is an area of future work.
Limitations
Several areas of our study require careful interpretation, and the study was subject to several limitations. First, the NHIS is a cross-sectional dataset; therefore, we were limited in establishing causality between smoking and disability. It is possible that the disability could have been caused by smoking, or the experience of having a disability may have contributed to the person smoking or not wanting to quit. In addition, other stressors associated with disability, such as being in poverty, may contribute to smoking. However, regardless of whether smoking caused the disability or vice versa, it is important to recognize the increased prevalence of smoking among people with disabilities in this age range to better target cessation activities.
Second, we did not have any information related to duration, permanence, or underlying medical conditions of the disability. It is possible that smoking may be associated with all of these factors. Additionally, as four of the six questions ask if the limitation is "serious," the estimate of disability was likely conservative in that it did not include adults who have moderate difficulty seeing, hearing, or concentrating, or a movement-related difficulty that does not include walking or climbing stairs. Because the NHIS surveys the noninstitutionalized U.S. population, our results may not be representative of all people with disabilities, particularly those living in congregate care settings or institutions.
Third, these results cannot be generalized to adults 50 years of age or older. Fourth, the information may be subject to reporting or recall bias, as it was either self-reported or provided by a household or family member. However, previous studies have shown that smoking estimates based on biochemical data are comparable with self-reported data. 32 Finally, although we reported prevalence estimates of never smoking, we did not compare never vs. former smokers.
concluSion Findings from this study highlight the importance of measuring the prevalence of cigarette smoking among adults 18-49 years of age by type of disability. Public health intervention efforts, particularly health promotion programs, are likely to fail when there is little or no consideration for segments of the target popula- Adjusted models control for sex, age, race/ethnicity, education, employment, income, marital status, and health insurance . b The reference group is adults without a disability .
OR 5 odds ratio CI 5 confidence interval AOR 5 adjusted odds ratio tion. 33 These findings can help inform policy makers and guide program developers to develop cessation materials that are inclusive of, and accessible to, people with disabilities.
